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Measurement of in vivo ROS production in an aquatic organism
using a probe targeting the mitochondria
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ROS production has been considered to be a major proximate
cost underlying energy investment in growth and reproduction in
animals. The assumption is that an energy allocation-mediated
trade-off may be associated with oxidative stress and ultimately
with the senescence. However, current evidence of an oxidative
balance disturbance is mostly indirect, based on measurement of
oxidative damage, oxidative defences, or in rare cases ex vivo ROS
production. Here we use the ratiometric MitoB probe to test in vivo
whether elevated somatic growth incurs a cost of increased pro-
duction of mitochondrial hydrogen peroxide (mtH2O2) in brown
trout Salmon trutta. The action of the MitoB probe is based on ﬁrstly
the lipophilic triphenylphosphonium (TPP) cation driving the probe
within the mitochondria in vivo, and secondly arylboronic acid
rapidly being converted to phenol by H2O2, measured as the con-
version of MitoB into its alternate form MitoP. The rate of mtH2O2
production is thus measured as the ratio of MitoB:MitoP using HPLC-
MS. Juvenile trout of wild origin were maintained under contrasting
food levels (ad libitum versus minimal growth). The prediction was
that a faster rate of body growth should result in greater rates of ROS
production in the mitochondria. After 4 weeks on these rations the
ﬁsh were injected with the MitoB probe and sacriﬁced 24 h later, so
that the rate of mtH2O2 production could be measured over a 24 h
period. Liver and caudal muscle samples were then normalized for
mitochondrial content (citrate synthase and cytochrome c oxidase).
Results will be presented that will reveal the nature of the rela-
tionship between somatic growth and the potential for oxidative
damage. This study is the ﬁrst to measure in vivo ROS production in
ﬁsh, and it reveals the potential for further studies of oxidative stress
in aquatic organisms.
doi:10.1016/j.bbabio.2014.05.245
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Mitochondria in adult cardiac cell constitute a highly organized
pattern, ICEU (Intra Cellular Energetic Unit). However, the structure
and function of the unit are remodeling during the process of
maturation. Moreover, after the certain age the decline in mitochon-
drial oxidative metabolism starts, inducing the adaptations in ICEU.
The goal of this study is to follow the changes inmitochondrial function
in developing and aged rat hearts. We studied Wister rats, aged 3
and 21 days, 3-, 18- (males) and 24-months (females) by measuring
oxygen consumption of saponin-permeabilized cardiomyocytes with
a high-resolution respirometer. Apparent KmADP (Michaelis–Menten
constant) progressively grows until the adult values; further gender-
related differences appear more drastically, for 18-month males it
increases one and a half times, as for 24-month females it slightly
declines. Whereas the presence of 10 mM creatine (Cr) causes a sig-
niﬁcant decrease to around 123 μMand 90 μM, correspondingly; values
are still higher compared to adult. ADP-stimulated respiration (state 3)
achieves its upper limits by 3 weeks, and stay within this level even in
the aged rats. At the same time, the presence of activatedmitochondrial
creatine kinase along with the competitive for ADP system cannot
sufﬁciently sustain maximal rates. The Cr-stimulated effect on mito-
chondrial respiration is absent during the three postnatal days and, in
fact, appears only from the second week after the birth. Later, it
gradually reaches the adult values but considerably declines in the older
rats. The inhibitor-sensitive titration does not reveal any signiﬁcant
decrease in the function of respiratory chain complexes. Our results
demonstrate that the regulation of energy metabolism in ICEU is age-
dependent, and gender-related differences appear strikingly in the
elderly hearts. The maturation of the energetic unit proceeds during
the whole way to adult age, and it is closely related to the formation of
phosphocreatine/creatine kinase system that ensures the increasing
energy demands. On the opposite, dysfunction of this phosphoryl
transfer pathway mostly contributes to the heart aging.
doi:10.1016/j.bbabio.2014.05.246
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Mitochondria are widely associated with cellular level oxidative
stress and are known to be able to produce reactive oxygen species
(ROS). Superoxide is the major ROS initially produced by most
mitochondrial enzyme complexes and this superoxide is rapidly
dismutated to H2O2. Most of the ROS formed by mitochondria is
produced within the matrix; however, aqueous superoxide does not
readily cross membranes while H2O2 can diffuse out of mitochondria.
The topology of mitochondrial ROS formation combined with the
differential potential for efﬂux makes H2O2 the primary candidate for
the mitochondrial contribution to the extramitochondrial or overall
cellular ROS load. Most mitochondria also have substantial capacity
for the enzymatic break down of H2O2. We have been examining
how the capacity to consume H2O2 compares to the potential for
ROS production in isolated muscle mitochondria. The substrate-
dependent consumption of exogenous H2O2 is much higher than the
rate of H2O2 efﬂux (i.e. apparent rate of production) under the same
conditions. This ‘apparent’ rate of H2O2 consumption is inversely
related to the apparent rate of superoxide/H2O2 production by mito-
chondria when measured as H2O2 efﬂux. Energized muscle mito-
chondria can maintain very low steady state H2O2 concentrations.
This is demonstrated by a lack of H2O2 accumulation in the medium
under conditions where superoxide/H2O2 production is demonstrable
when using an extramitochondrial peroxidase-linked ﬂuorescence
assay. The lack of H2O2 accumulation suggests that, at least under
some conditions, energized mitochondria could contribute to main-
taining intracellular H2O2 levels very low. The consumption of H2O2
by muscle mitochondria is largely dependent on the thioredoxin-
dependent pathway. The importance of the matrix peroxidase
capacity is emphasized by inhibition of thioredoxin reductase which;
i) markedly decreases the substrate-dependent consumption of exoge-
nous H2O2, ii) increases the apparent production of superoxide/H2O2
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